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Bundle Adjustment for Scenes Containing Planes

XIE Yuan-Fan' WU Yi-Hong! FAN Li-Xin?

Abstract
where three-dimensional structures are needed. A general bundle adjustment can optimize the coordinates of space points

Bundle adjustment has been considered as one of the most important components in computer vision systems

independently. But for a scene composed of both natural and structured objects, this often leads to an over parametrization
the result and which deviates from truth. In this paper, a bundle adjustment with planar constraints and angle constraints
is proposed for recovering the structures of environments with planes. By the aid of a new parametrization, the optimization
remains an unconstrained non-linear least squares problem even if these two kinds of constraints are added. Experiments
show that this new bundle adjustment method with prior knowledge provides an accurate estimation of the structures.
Since prior information is added, the dimensionality of the augmented normal equation increases. A sparse solver is used
after preconditioning in order to alleviate this problem. Moreover, a graph based angle constraint inference is devised for
automatically finding constraints in a greedy manner once all planes are identified. This greedy method can preserve as

many angle constraints as possible.
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Fig.6 Average deviation of camera motion
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Fig.7 Average deviation of initial structure
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Fig.8 Average steps of iteration before convergency
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R MBRAEE R T VAR TR AR R 1 T RN ] (ms)

Table 1  Time costs of augmented normal equation solving based on sparse and dense methods for Problem 1 (ms)
AL\ P 0 2 4 6 8 10 12 14 16 18 20
20 0.5(0.8) 0.5(1.1) 0.6(1.4) 0.7(1.8) 0.7(2.2) 0.7(2.7) 0.8(3.2) 0.8(3.8) 0.8(4.5) 0.8(5.0) 0.9(5.7)
60 2.2(20) 24(22) 24(24) 24(26) 25(29) 25(31) 26(34) 2.6(37) 2.7(40) 2.8(42) 3.0(45)
100 6.1(89) 6.6(95) 6.9(108) 6.5(112) 6.7(118) 6.1(122) 6.7(132) 6.8(136) 6.8(143) 6.9(149) 6.9(162)
2 Mg AR 7 0T SRR R 2 3T RN T (ms)
Table 2  Time costs of augmented normal equation solving based on sparse and dense methods for Problem 2 (ms)
RUE\ P 0 2 4 6 8 10 12 14 16 18 20
20 1.0(0.8) 1.2(1.1) 1.5(1.4) 1.8(1.7) 1.8(2.2) 21(2.7) 2.3(3.2) 2.7(3.8) 3.0(45) 3.4(5.3) 3.9(6.2)
60 8.5(20) 9.2(22) 10(24) 11(26) 12(29) 12(31) 14(34) 14(37) 16(40) 17(43) 17(46)
100 30(91)  31(96) 33(100) 35(106) 37(112) 38(120) 40(126) 42(132) 44(138) 46(146) 47 (155)
*3 KB EE
Table 3  Length ratio of the segments measured
D5 s2/s1 s3/s1 s4/s1 s6/s5 s7/sb s8/s5 s10/s9 s11/s9 s12/s9 ¥ bRz
BA, 0.995450 1.02070 1.01465 0.975152 0.977288 0.994831 0.979676 0.974925 1.00458 0.993029 0.0174973
BA, 0997801 1.01539 1.01206 0.983739 0.984721 0.997248 0.991344 0.986924 1.00629 0.997281 0.0117884
BA,, 0.999215 1.01134 1.00870 0.989130 0.991947 0.998167 0.995963 0.991761 1.00341 0.998854 0.00771090
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Fig.9 Points and segments to be measured
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